. The structure of starches from cassava varieties was round in shape with granule size ranging from 12.50-22.50 mm in two years with varieties 97/0211 and 98/0510 as the smallest and variety 96/1632 as the largest. This study, therefore, showed that there were significant genotypic and seasonal variations in the pasting, color, and morphological properties of native starches from cassava.
INTRODUCTION
The outbreak of cassava mosaic disease (CMD), which led to a decline of cassava root production in several parts of Africa, has initiated research efforts to develop diseaseresistant varieties of cassava. The overview of these efforts is presented elsewhere 1 . Currently, the International Institute for Tropical Agriculture (IITA), Ibadan, Nigeria, has developed about 43 CMD-resistant varieties of cassava that are currently receiving multilocational field trials for full integration into the cropping system in Nigeria. [1] We are aware that several hundreds of resistant cassava clones are currently being developed amylose and amylopectin chains in native granules are more associated with each other in potato and lentil than in the other starches. Pre-and postharvest factors such as genetic factors, environmental conditions during the growth of the plant and the method of starch isolation have been found to have a profound effect on the properties of root and tuber starches. Inouchi et al. [14] reported some genetic variations on some physicochemical properties of starch granules from various sources. This paper reports our findings on the pasting, color and morphological properties of native starch produced from local and improved cassava varieties harvested in two successive planting seasons in a high rainfall region, Nigeria.
MATERIALS AND METHODS

Cassava Varieties
Thirty-six newly developed CMD-resistant clones of cassava with 3 susceptible (existing) cassava varieties were obtained from a multilocation trial plot of the IITA, high rainfall planting area, Onne, Rivers State, Nigeria. Onne (Lat 4.4 o N, Long 7.1 o E) has a mean annual rainfall of 2600 mm. The cassava varieties were planted during the rainy season (June 2003 (June /2004 (June and 2004 (June /2005 ) in a randomized complete block design with three replications. No fertilizers or herbicides were applied during the course of the experiment. Hand weeding was done when necessary. Harvesting was done, at 12 months after planting (MAP). Only the two middle rows were harvested/plot and cassava roots processed were collected from only one replication. Processing of the harvested cassava roots commenced within 60 min. after harvesting.
Preparation of Starch
The method described by Osunsami et al. [8] was used for the production of various cassava starches. The cassava roots were harvested from the farm and washed to remove dirt from the skin. Ten kg of freshly harvested cassava roots/clone were peeled manually using a stainless steel knife and washed thoroughly with distilled water to remove dirt and adhering sand particles. The peeled roots were grated and sieved. The mixture was filtered through a fine mesh sieve (muslin cloth). The filtrate was allowed to settle for about 6 hours. The supernatant was decanted and sediment washed three times with distilled water to obtain a white, odorless, and tasteless starch. The resultant wet starch was thinly spread over a black high-density polyethylene (HDPE) according to Shittu et al. [1] in the open air for drying under ambient conditions (28-30 o C, 70-80% RH) for 5 hours. The dried cake was milled using a locally fabricated hammer mill (IITA, Ibadan) fitted with a screen of 250-μm aperture size and packaged using food grade polyethylene bags and kept in the cold room (at about 4 o C) for laboratory analysis.
Determination of Pasting Properties
Pasting properties were determined with a Rapid Visco Analyser 3 C (RVA, model 3C, Newport Scientific PTY Ltd, Sydney, Australia) according to Sanni et al. [15] . 5 g of sample was weighed into a weighing vessel. 25 ml of distilled water was dispensed into a new test canister. The sample was then transferred into the water surface in the canister, after which the paddle was placed into the canister. The blade was then vigorously joggled up and down through the sample ten times or more until no flour lumps remained on the water surface or on the paddle. The paddle was placed into the canister and both were inserted firmly into the paddle coupling so that the paddle was properly centered. The measurement cycle was initiated by depressing the motor tower of the instrument. The test was then allowed to proceed and terminate automatically.
Determination of Color
The method described by Francis [16] was employed. This was determined using a color meter (color Tec PCMTM color Tec Associates, Inc., 28 Center Street, Clinton, NJ 08809). The color meter operates on the CIE (Commission International de I' Edairage) L*, a*, b* color scheme. Multiple measurements at several points on samples were made. The instrument was first standardized (L = 93.24, a = 00.96, b = −02.75) with a sheet of business Xerox 80gm 2 white paper with 136 CIE whiteness Δ65. About 3 g of starch were put on a clean paper and the color meter was placed on the sample by allowing the sensor to touch the sample. Reading for L* was taken directly. The instrument displays threedimensional color differences in uniform color space (lab) co-ordinates. Uniform color space defines three dimensions, a light to dark direction called L*, a red to green direction called a*, and a blue to yellow direction called b*.
Determination of Granular Size
The method described by Kawabata et al. [9] was employed. The average granule size and starch structure were determined with the aid of a light microscope (Laborlux S, Lectz Wetzlar Germany 513558) and computerized microscope (Olympus DP 50, BX51, Japan) respectively. 100 mg of starch was dispersed in 9.9 ml of distilled water and held for 15 min at room temperature with constant stirring. Two drops of the suspension were placed on a slide and observed under a microscope with a 40 × objective lens and a micrometer eye piece. Five granules were selected randomly and their diameter measured. Each reading was multiplied by 2.5 (the constant for the 40 × lens) to convert to microns. Samples were measured in triplicates.
Data Analyses
Descriptive analysis and two-way analysis of variance (ANOVA) were performed to explore the general trend of the experimental data. Mean separation were performed on the analysed data using Duncan's multiple range test with the aid of SAS version 9.1 [17] software.
RESULTS AND DISCUSSION
The pasting properties of starch samples from different CMD resistant varieties for two seasons are presented in Tables 1 and 2 .There were significant differences in the pasting profile of starches from the CMD roots for the two seasons (p < 0.05). The peak viscosity during heating ranged from 241. 13 The most common objective method of determining the cooking property of starchbased food products is through an amylograph pasting profile. Such information has been used to correlate the functionality of starchy food ingredients in processes such as baking. [18, 19] and extrusion cooking. [20] The peak viscosity is the maximum viscosity attainable during the heating cycle; the trough is an index of starch granule stability to heating; setback viscosity is an index of retrogradation of linear starch molecules during cooling. The higher peak viscosity values are probably due to the presence of interfering non-starch components. [9, 21] It may also be due to amylase activity in starch, which would result in changes in viscosity. Amylase activity has been suggested to result in decreases in gelling and thickening ability of cassava starch. [22] According to Swinkels, [23] a higher peak viscosity corresponds with a higher thickening power of the starch. Peak viscosity is indicative of the strength of pastes, which are formed from gelatinization during processing in food applications. Genotype differences in peak viscosity therefore imply differences in paste strength and attendant differences in behavior during processing. [3] According to Tipples, [24] the viscosity of starch after cooking shows the stability or breakdown of the paste during cooking, especially when compared to peak viscosity or the viscosity at the beginning of the hold. The extent of the increase in viscosity on cooling at 50 o C reflects the retrogradation tendency of the starch product. The transition from a suspension of starch granules to a paste when heat is applied is accompanied by a large increase in viscosity. Changes in viscosity also accompany the formation of gels upon cooling of starch paste. [4] Values are the means of three replicates; means having different superscripts within column are significantly different (P < 0.05).
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The color intensity of the starches ranges from 85.05-94.49% in year 1 ( Table 3) and from 90.27-92.96% in year 2 ( Table 4 ). This is in agreement with the findings of Onitilo et al., [25] who reported color value of 83.97-93.17% for starches from CMD roots planted in Guinea savanna region of Nigeria. According to Onitilo et al., [25] higher color values show the highest whiteness of the starch samples. Starch extracted under perfect conditions is pure white in color and color is an important criterion when gelatinized. [26] Values are the means of three replicates; means having different superscripts within column are significantly different (P < 0.05).
There were significant variety and seasonal differences in all properties examined (p < 0.05). These variations may be due to differences in genetic composition and environmental conditions during the growth of the plant. [14, 26] Tables 3 and 4 represent the morphology and granule size of the starch from different CMD resistant varieties for two years. Granule size ranged from 12.50-22.50 μm in two years with varieties 97/0211 and 98/0510 as the smallest and variety 96/1632 as the largest in both years. The starch granules of cassava are compound granules that have been reported to vary in shape and size. The granule size was within the range of 5-35 mm with an average of 20 mm. The shapes reported are round, angular, cylindrical, polygonal, spherical, oval, and truncated with an indentation on one side, which is characteristic of this starch. [4] Apart from the truncated shape, with an occasional conical pit extending to the hilum, cassava starch has very few characteristic features. The granules are softer than those of cornstarch, and their structure is much less rigid and compact. The hilum is centric with some fissures. Values are the means of three replicates; means having different superscripts within column are significantly different (P < 0.05).
Spherical nature of cassava starch granules with truncation has been reported by Swinkels. [23] Garcia et al. [27] reported that granules with essentially spherical or truncated hemi-spherical shapes are as a result of the dissociation of the native structure which occurred during extraction of cassava tubers. [28, 29] The structure of starch granules influences water absorption and gels or pastes formed on heating. [29] Also, Tian et al. [30] suggested that small granules have higher solubility and hence enhanced water absorption capacity, which has implications for functionality of starch during processing. Small granules are reported to have both higher solubility and water absorption capacity. [31] Another important characteristic of starch granules that also affects its rheological properties is the nature and strength of the associative forces between the granules. [31] Granularity of the cassava starches have been investigated to increase the active as the size of the cassava starch is reduced. [32, 33] Finally, starch with small granules can also be used in industries other than the food industry, such as cosmetics, detergents, paper and textiles, and tablet production in the pharmaceutical industry.
CONCLUSION
There were significant differences in the pasting profile (peak viscosity, viscosity while hot-trough, breakdown viscosity, set back value, final viscosity, pasting time, and pasting temperature), color intensity, morphology and granule size of starches from the CMD roots for the two seasons. The wide significant differences in the pasting, color, and morphological properties of the starches from 39 CMD-resistant varieties allows many opportunities to use these newly developed cassava varieties for specific food and industrial applications.
